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Purpose: Secure mesh ﬁxation in incisional hernia repair is mandatory to prevent mesh dislocation and
possible recurrence. Traditional ﬁxation methods have been implicated as a source of chronic post-
operative pain. We report 2-year outcomes with a self-gripping mesh for open tension-free repair of
large incisional hernia.
Methods: This prospective case series enrolled 20 patients with large primary incisional hernia (mean
defect size: 84 cm2). Patients were electively treated by a single surgeon using a macroporous polyester
mesh with resorbable polylactic acid microgrips (ProGrip™, Covidien, Mansﬁeld, MA, USA) using open
onlay technique. Main outcomes included pain severity, Carolinas Comfort Scale (CCS), complications,
and hernia recurrence. Patients returned for follow-up at 1, 3, 6, 12, and 24 months.
Results: Median mesh ﬁxation time was 2 min. Mean operative time was 38 min and blood loss was
minimal (50 cc). Most patients (75%) were discharged same day. The only perioperative complication was
a minor seroma in one patient. Patient follow-up compliance through 2 years was 100%. Mean pain score
was 1.8 at discharge, 0.9 at 1 month, 0.7 at 1 year, and 0 at 2 years. At 2-years, all patients were “very
satisﬁed” with treatment and hernia-speciﬁc quality of life was excellent (mean CCS score ¼ 0). No
infection, mesh removal, or hernia recurrence occurred during follow-up.
Conclusions: Open repair using a self-gripping mesh is a viable treatment option in patients with large
incisional hernia. Immediate mesh ﬁxation facilitates a safe and durable tension-free repair.
© 2016 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Limited. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Incisional hernia is a common complication of abdominal sur-
gery that contributes to chronic pain, decreased quality of life, and
signiﬁcant healthcare costs [1,2]. In some cases, incisional hernia
results in serious complications such as incarceration or strangu-
lation that require prompt reduction in order to prevent bowel
ischemia. Although numerous direct suture repair techniques haven).
Ltd on behalf of IJS Publishing Grbeen described in the literature, recurrence remains common with
rates ranging from 39% to 49% [3e5]. Mesh repair lowers the long-
term risk of recurrence by approximately 50% compared to suture
repair [6]. Consequently, the use of mesh to reinforce incisional
hernia repair has become standard of care at most centers although
the preferred operative method [7], mesh type [8], and mesh
positioning [9] remain controversial topics. The etiology of recur-
rence and chronic postoperative pain is multifactorial and may be
related to mesh placement technique, mesh type, or mesh ﬁxation
method. Continued reﬁnements in surgical technique and mesh
technology are mandatory to identify the ideal treatment algorithm
in incisional hernia repair.
A novel self-gripping mesh (ProGrip™, Covidien, Mansﬁeld, MA,oup Limited. This is an open access article under the CC BY-NC-ND license (http://
Fig. 1. ProGrip onlay mesh repair.
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wall reinforcement without the need for additional permanent
ﬁxation. Promising clinical outcomes have been reported with this
mesh in inguinal hernia repair [10,11]. However, its use in incisional
hernia repair is more limited. A case series of 21 patients with
incisional hernia (4e6 cm) treated with open repair using ProGrip
mesh reported excellent outcomes through 6 months follow-up
[12]. However, no published series have investigated the use of
this mesh in patients with larger incisional hernia, a major risk
factor for recurrence [13]. Additionally, no known reports have
described long-term outcomes with onlay repair of large incisional
hernias. Therefore, the purpose of this study was to report 2-year
outcomes in patients treated with a self-gripping mesh for
tension-free onlay open repair of large incisional hernias.
2. Methods
2.1. Patients
All research performed in this study was in strict accordance
with a common, pre-deﬁned protocol that was approved by a local
institutional review board. All patients provided informed consent
before any study-related procedures were performed. This pro-
spective case series consecutively enrolled 20 patients with large
incisional hernia at a single center. The main entry criteria were
adults with large incisional hernia (width or length  10 cm) who
required primary elective repair. Incisional hernia was deﬁned as
any abdominal wall gap with or without a bulge in the area of a
postoperative scar perceptible or palpable by clinical examination
or imaging [14]. Exclusion criteria included pregnant females, signs
of infection, strangulated or irreducible hernia, and participation in
other clinical trials.
2.2. Procedures
Patients who met all study entry criteria underwent preopera-
tive history and physical examination. Patients were electively
treated at a dedicated hernia center by a single surgeon (SH). The
hernia sac was dissected. The sac was not opened in most cases if
possible. This is the routine repair technique that is used at this
center. The sac was reduced. The open primary repair was ﬁrst
performedwith as little tension as possible using a double stranded
0-nylon continuous closure. ProGrip mesh is a large-pore knitted
fabric of monoﬁlament polyester that incorporates resorbable
microgrips of polylactic acid on one side that facilitate placement
and positioning by encouraging immediate tension-free ﬁxation to
surrounding tissue. The resorbable microgrips endow the mesh
with self-gripping properties during the ﬁrst several months after
implantation and eliminate or reduce the need for ﬁxation by su-
ture, which may penetrate underlying tissue and damage cuta-
neous nerves. Mesh density is 75 g/m2 at implantation and 38 g/m2
after absorption. The mesh was placed using onlay technique over
the abdominal wall closure in the subcutaneous prefascial space
extending 4e5 cm beyond the wound margins (Fig. 1). The grips
were placed facing down towards the fascia. To standardize mesh
ﬁxation and facilitate mesh placement the mesh was minimally
ﬁxated in four quadrants with resorbable sutures although this step
is not required. A Jackson Pratt subcutaneous drainwas placed in 15
patients. After recovery, patients were discharged that day or
admitted to the hospital for 24 h observation.
2.3. Outcomes
Patients returned for follow-up visits at 1, 3, 6, 12, and 24
months, which included patient interview and physicalexamination. Main outcomes included pain severity on a 0 (no
pain) to 10 (worst pain imaginable) scale, Carolinas Comfort Scale
(CCS) to assess hernia-speciﬁc quality of life [15], patient satisfac-
tion, adverse events, and hernia recurrence [16]. Adverse events
(AEs) were categorized by seriousness (serious, non-serious) and
severity (mild, moderate, severe). A serious AE was deﬁned as any
event that was fatal, life-threatening, required prolonged hospi-
talization (>48 h), was a persistent or signiﬁcant disability or in-
capacity, or was considered an important medical event. A mild AE
was deﬁned as awareness of signs or symptoms, but easily tolerated
and of minor irritant type causing no loss of time from normal
activities; symptoms did not require therapy or a medical evalua-
tion; signs and symptoms were transient. A moderate AE was
deﬁned as an event that introduced a low level of inconvenience or
concern to the participant and interfered with daily activities, but
are usually improved by simple therapeutic measures; moderate
experiences may cause some interference with functioning. A se-
vere AE was an event that interrupted the participant's normal
daily activities, generally required systemic drug therapy or other
treatment; and were usually incapacitating.2.4. Data analysis
Statistical analysis was performed by an independent biostat-
istician, who received all data for analysis directly from an elec-
tronic database. Continuous variables were reported as mean ± SD
and categorical variables were presented as n (%). Longitudinal
outcomes were analyzed with repeated measures ANOVA. Statis-
tical signiﬁcance was set at p < 0.05. Statistical analyses were
performed using Predictive Analytics Software (version 22; IBM,
Inc., Armonk, NY, USA).3. Results
A total of 20 patients (10 female, 10 male; mean age 62 ± 12 yr;
mean body mass index 35 ± 9 kg/m2) with large incisional hernia
(mean defect size: 84 ± 28 cm2) were treated at a dedicated hernia
center between April 2012 and January 2013. Baseline patient
characteristics are presented in Table 1. Median mesh ﬁxation time
was 2 min. Mean operative time was 38 min and blood loss was
minimal (50 cc). Patients were discharged same day (n ¼ 15) or
next day (n¼ 5) (Table 2). The only postoperative complicationwas
minor seroma in one patient, which was treated with ﬂuid
Table 1
Baseline patient characteristics.
Variable Value (n ¼ 20)
Demographics
Female gender, n (%) 10 (50)
Age, yr 62 ± 12 (36e79)
Body mass index, kg/m2 35 ± 9 (20e55)
Defect size, cm2 84 ± 28 (50e144)
Large (10 cm) 18 (90)
Giant (15 cm) 2 (10)
ASA class III, n (%) 8 (40)
Symptoms
Pain severity 3.2 ± 2.2 (0e7)
Carolinas Comfort Scale 10 ± 13 (0e51)
Medical historya
Obesity 13 (65)
Hypertension 7 (35)
Smoking history 3 (15)
Diabetes 2 (10)
Cardiac disease 2 (10)
Surgical historya
Cholecystectomy 8 (40)
Hysterectomy 6 (30)
Colectomy 5 (25)
Abdominal aortic aneurysm repair 3 (15)
Appendectomy 3 (15)
Hernia repair 3 (15)
Bladder surgery 2 (10)
Laparotomy 2 (10)
a Variables reported with frequency  10%.
Fig. 2. Pain severity through 2 years.
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normal daily activities and all 10 employed patients had returned to
work.
Patient follow-up compliance through 2 years was 100%. Mean
pain score was 1.8 ± 2.0 at discharge, 0.9 ± 1.7 at 1 month,
0.7 ± 1.7 at 1 year, and 0 at 2 years (Fig. 2). Residual mild/moderate
pain was reported in 2 (10%) patients at the 6- and 12-month
follow-up visits. By 2 years, no patient reported residual pain of
any severity. At 2-year follow-up, hernia-speciﬁc quality of life was
excellent (mean CCS score ¼ 0) (Fig. 3). No mesh sensation or
movement limitations were reported in any patient. All patients
were satisﬁed or very satisﬁed with treatment at every follow-up
visit through 2 years. Through 2 years follow-up, no surgical site
infection, mesh removal, adverse event (regardless of seriousness
or severity), or hernia recurrence were reported.4. Discussion
This prospective study demonstrates that the ProGrip self-
gripping mesh is a safe and effective treatment option to facilitate
durable open repair of incisional hernia. Despite a challenging pa-
tient population characterized by obesity and large/giant incisional
hernia, we report a mean mesh ﬁxation time of 2 min, operativeTable 2
Procedural data.
Variable Value (n ¼ 20)
General anesthesia 20 (100)
Mesh size
20  15 cm 17
30  15 cm 3
Mesh ﬁxation time, min 2 (1e5)
Operative time, min 38 (21e66)
Blood loss, cc 50 (50 all)
Hospital stay
Same day 15 (75)
Next day 5 (25)time of 38 min, minimal blood loss, same day discharge in most
patients, with no major perioperative complications. Additionally,
through 2 years, therewere nomajor complications, recurrences, or
reports of residual pain. These outcomes compare favorably to
previous studies in similar patient populations. For example,
Memon et al. [17] treated 60 patients with large or giant incisional
hernia using a mesh primarily with onlay technique. Perioperative
complications were identiﬁed in 23% of patients, surgical site
infection in 22%, with a 7% recurrence rate through a mean 20-
month follow-up period. Differences in mesh type and/or surgical
technique are the most plausible explanations for these discrepant
outcomes.
All patients in the current series were treated with mesh using
onlay technique. Although sublay is generally considered the gold
standard for open incisional hernia repair, the procedure can be
technically difﬁcult, has a steeper learning curve, and requires a
longer operative time [18]. However, onlay repair is associated with
higher rates of surgical site infection [18e20], seroma [18,19], and
recurrence [20] versus sublay technique. Onlay technique however
has severable advantages-it is an easier procedure, takes less time
to accomplish, and is associated with fewer perioperative compli-
cations [21]. A favorable repair using onlay ProGrip requires the
primary suture repair to be performed with as little tension as
possible and, if needed, component separation should be done. WeFig. 3. Carolinas Comfort Scale through 2 years.
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of the primary repair suture line.
Data from the Swedish Hernia Registry report that 31% of pa-
tients report some degree of pain 2e3 years following surgery,
with 6% reporting pain that interferes with daily activities [22]. At
2 years follow-up in the current series, all patients were
completely free from pain and hernia-speciﬁc quality of life was
excellent. The causes of persistent postoperative pain are likely
multifactorial and may include iatrogenic nerve injury or
entrapment, inﬂammatory reaction to mesh, or issues related to
mesh tension due to additional suture or tack ﬁxation. Our
experience with the ProGrip mesh suggests that use of a self-
gripping mesh using onlay technique offers a durable, tension-
free repair without the need for additional permanent ﬁxation
that may cause persistent pain.
In this study we elected to minimally ﬁxate the mesh in the
onlay position with an absorbable suture for consistency and to
facilitate placement. It should be noted that this study was con-
ducted early in our experience placing the mesh. We feel this
minimal ﬁxation does not contribute to the long term ﬁxation
properties of the technique since a short term absorbable suture
was used to assist in placement of the mesh. This is consistent with
what has been described in the open inguinal hernia procedure
using the mesh. Additional ﬁxation was at the surgeons discretion.
We report to not routinely use any additional ﬁxation on similar
repairs currently.
This onlay procedure using self gripping mesh appears to differ
from previously reported open onlay repairs. The self gripping
properties of this mesh allows an almost complete or near com-
plete adhesion and ﬁxation of the mesh which encompasses nearly
all of the surface area of the repair. This is similar to using a ﬁbrin
glue and/or tacks. One of the main issues with any ventral hernia
mesh repair is that immediate ﬁxation of the entire surface area of
the mesh is not accomplished by tacks, sutures or glue. The ma-
jority of the mesh is not secured and there are gaps at the multiple
ﬁxation points. This is thought to be a source for recurrence and
failure of the repair. The self gripping nature of this mesh seems to
allow better ﬁxation qualities then the above ﬁxation methods.
Essentially, the mesh is almost immediately ﬁxated along the entire
surface area of the primary and mesh repair. In addition, this ﬁx-
ation property appears to reduce tension on the repair which is
major contributor to failure and recurrence.
The main limitation of this study was a small sample size, which
may have been insufﬁcient to detect rare events. However, this
study is novel in that fewmesh studies have followed patients with
large incisional hernia for at least 2 years. In order to further
elucidate the beneﬁt of self-gripping mesh, we recommend that
future studies consider a larger sample size with longer follow-up.
Additionally, comparative studies of onlay versus sublay position,
open versus laparoscopic repair, and permanent ﬁxation versus no
ﬁxation are warranted to identify the ideal treatment strategy.
Overall, open repair using a self-gripping mesh is a viable
treatment option in patients with large incisional hernia. This is
consistent with reports from the open inguinal hernia literature
using this mesh where additional ﬁxation was at the surgeons
discretion. Currently, we do not routinely use additional ﬁxation on
similar repairs.Role of the funding source
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